cell carcinoma cases and has also been found in a high proportion of CIN cases. Evidence from in-vitro cell transformation experiments indicates that DNA from highrisk HPV sub-types (e.g. 16 and 18) are capable of epithelial cells transformation in cooperation with activated cellular oncogenes, thus impersonating multi-step carcinogenesis (Stoler, 2000) . Viral proteins E6/E7 functionally interfere with cell-cycle control by inactivating tumor-suppressor gene p53 and the retinoblastoma (Scheffner et al., 1990; Bremer et al., 1995) therefore; cells expressing high risk HPV are deprived of p53 tumor-suppressor activities. Aberration of p53 gene which is among the most frequent alteration in human malignancies, additionally, plays an important role in determining the resistance of cancer cells to chemotherapy (Linn et al., 1996; Perego et al., 1996) . In cervical carcinoma over expression of p53 protein and its correlation with aggressive biological behavior is documented (Helland et al., 1993; Oh et al., 2004; Singh et al., 2009) .
Over-expression of the multidrug resistance gene (MDR1) product p-glycoprotein (p-gp), an energydependent drug efflux pump, has been shown as oncogene activation, tumor aggressiveness, and predictor and prognosticator chemoresistance in cancer cells (Pinedo and Giaccone, 1995; Ralhan et al., 1997; Yakirevich et al., 2006) . According to Johnstone et al. (2000) p-gp potentially regulates apoptosis, immune cell function and, cellular differentiation, proliferation and survival also. Chin et al. (1992) have indicated that the MDR1 gene could be activated during tumor progression associated with mutations in p53 and ras. Additionally, p53 regulates the function of transport proteins like p-gp. According to Sampath et al. (2001) mutant p53 activates the MDR-1 promoter activity, whereas wild-type p53 reported to represses this activity. Certainly, p53 mutations appear the most common genetic alterations in human tumors (Linn et al., 1996; Perego et al., 1996) . However, if mutational inactivation of p53 is correlated with the occurrence of the MDR phenotype during tumor progression, other factors such as HPV E6 oncoprotein modulating the function of wild-type p53 protein could also influence the tumor cells (Scheffner et al., 1990; Bremer et al., 1995) . Earlier studies that have focused on clinical specimens to investigate the impact of the co-expression of p53 and p-gp proteins on disease prognosis, showed the differential expression of both proteins as individual molecular markers of cancer and their correlation with clinicopathological parameters (Linn et al., 1996; Ralhan et al., 1999; Park et al., 2001) . So far, the clinical significance of co-expression of p53 and p-gp expression in cervical carcinogenesis remains to be ascertained. A study by Schneider et al. (1994) reported that MDR1 protein expression in cervical tumors tissue is associated with HPV presence and the functional state of p53 protein. However, no systematic investigation regarding the role of p-gp as a marker for lesions aggressiveness has been carried out in cervical cancer.
Therefore, present study was aimed to determine the relationship between the expression of p-gp, and p53 proteins in presence or absence of HPV (16 and 18) in different cytological stages of cervix and the impact of their concomitant expression on the clinical course of the disease.
Materials and Methods

Study participants and collection of cervical smear samples
From year [2005] [2006] [2007] [2008] , women receiving routine cytological screening at Queen Mary Hospital (Chhatrapati Shahuji Maharaj Medical University, Lucknow, India) were recruited for the present study. Informed consent was obtained under the prevailing institutional review board guidelines. All subjects were at or above 25 years of age (range 25-67 years; median 35±12.6 years). Participants underwent a routine pelvic examination by an expert gynecologist. Obtained criteria for selecting the women to be those were: above the age of 25 years with three or more children, above the age of 35 years irrespective of parity, unexplained persistent vaginal discharge, postcoital bleeding, post-menopausal bleeding, inter-menstrual bleeding, menstrual irregularity of any sort, any naked eye abnormality of cervix like hypertrophic, eroded or ulcerated cervix and cervix bleeding on touch.
Experienced clinicians prepared two ethanol-fixed Pap smear slides for each subject using an Ayer's spatula and cytobrush. Cell samples that were left over after slide preparation were collected in cytotube for DNA extraction and processed for HPV testing.
Follow-up
A cytological control examination was done after every 3 or 6 months from the date of registration and the cases were categorized as "returned to normal" after the cytological morphology normalized. Samples were also tested for the p53 and p-gp immunoexpression. Once treated, women were censored and were not included in the denominator of women at risk in subsequent timeintervals.
Cytopathology
Pap stained smears were reported using a classification of Bethesda 2001 terminology (Solomon et al 2002) . Cytologic interpretations for smears was as: (i) "normal" or "negative for intraepithelial lesion or malignancy", (ii) "severe reactive atypia, possibly dysplasia" or "possible koilocytotic or condylomatous atypia" as "atypical squamous cells of unknown significance" (ASCUS), (iii) low-grade squamous intraepithelial lesions (mild dysplasia; LSILs) (iv) high-grade squamous intraepithelial lesions (moderate dysplasia and severe dysplasia; HSILs) and (v) carcinoma-in-situ (CIS). Histologic diagnoses were converted into CIN nomenclature for dysplasia cases. Specifically, severe dysplasia and CIS were categorized as CIN3.
Procedure for immunostainning
Pap stained smears were de-stained in 1% acid alcohol (10 min) and then carried out with xylene followed by hydration. After bringing them at room temperature, slides were incubated in 0.3% hydrogen peroxide (H 2 O 2 ): methanol for 10 min to block endogenous activity and afterward epitope retrieval was performed (heating the slides for 90 min in 10 mM citrate buffer pH 6.0). This was followed by blocking of non-specific binding of primary antibodies to epitopes by a preincubation step with 5% normal goat serum for 30 min at room temperature. Smears were then incubated overnight with the respective primary monoclonal anti-bodies namely anti-p53 (clone DO-7 recognizes both mutant and wild form of p53, Serotech; pre-diluted) and anti-p-gp (clone JSB-1; Boehringer Mannheim GmbH, Germany; dilution 1: 50). The reaction products were visualized by using streptavidin biotin immunoperoxidase complex (Serotech) as secondary antibody complex with diaminobenzidine. All smears were counterstained with hematoxylin and mounted with DPX. Smears without primary antibody were used as negative control.
Assessment of immunoreactivity
Immunoreactivity assessment was based on the percentage of positive epithelial cells (brown color) by microscopic evaluation of 100 cells in every smear by using Leica Q Win500 image analysis system. For p53 positivity characteristic nuclear reactivity in at least 10% of the dysplastic cells was considered. Similarly, p-gp expression was measured significant when plasma membrane and cytoplasmic immunoreactivity was evident in at least 10% of the dysplastic cells. Immunopositivity was graded on bases of expression as mild (>10-25%), moderate (>25-50%) and intense (>50%) expressions. If the percentage of immunopositive cells was <10% then it was considered as "insignificant" or "no expression".
HPV detection in cervical smear samples
DNA was extracted by using UltraClean DNA extraction kit (Imperial Bio-Medic) and the quality and quantity of extracted DNA was checked by agarose gel electrophoresis and spectrophotometery, respectively. PCR was performed for general (GP-PCR, for HPV genotypes 6, 11, 16, 18, 31, 33 and unsequenced types) and type-specific (TS-PCR for HPV subtype -16 and -18) HPVs in all adequate cytological smears. Details of primers and PCR conditions for general (GP5 and GP6) and type specific HPVs (HPV16: product size 152bp and 18: product size 216bp) were as earlier mentioned by van den Brule et al. (1992) . In brief, GP-PCR reaction was performed in 50 µl volume containing KCl (50 mM), MgCl 2 (3.5 mM), deoxynucleoside triphosphate (dNTP; 200 µM of each), general primer (25 pmol of each), Taq DNA polymerase (1U) (procured from Bangalore Genei; Bangalore, India), and 10µl of genomic DNA. The samples were subjected to 40 cycles (annealing temperature 40 0 C for 2 min) of amplification in a DNA thermal cycler and product (150 bp) was analyzed in 1.5% agarose gel. The TS-PCR was performed as described for GP-PCR, except that 1.5mM MgCl 2 , 25 pmol of each TSprimer, and an annealing temperature of 55 0 C were used. DNA viability of the negative samples was checked by a PCR with primers complementary to the human β-globin gene. Samples positive for HPV but negative for the tested HPV sub-types were referred as ''not identified HPV type'' (NI).
Data analysis
The significance of HPV positive cases in different cytopathlogical stages was tested using Chi Square (χ 2 ) test after ascertaining that expected cell frequencies in each cell were more than 5. Similarly, the association of p53 and p-gp proteins expression in different cytopathological stages and with HPV was also tested by χ 2 tests. The significance of mean intensities of p53 and p-gp proteins in different stages were analyzed separately using one way analysis of variance (ANOVA) after ascertaining the homogeneity of variance between the stages. Post hoc analysis was carried out by calculating least significant differences. Pearson correlation coefficient between p53 and p-gp expression was calculated and its significance was tested using t' test. Level of significance was considered to be 5 percent.
Results
Cytology
Out of 577 collected smears only 525 (91%) smears were found adequate in cytodiagnosis test while rest 53 (9%) smears were inadequate for evaluation. Adequate cervical smears were classified as normal (n=150), ASCUS (n=183), LSIL (n= 114), HSIL (n=63) and CIS (n=15).
Presence of HPV DNA in different cytological grades of cervical smear
HPV-DNA detection in cervical smears by PCR showed that 92% cases in normal and in 85% cases in ASCUS were negative for HPV presence ( Table-1) . Incidence of HPV presence was significantly higher in SIL and CIS groups when compared with normal and ASCUS groups (p<0.001). Among the HPV positive cases 5 normal and 15 ASCUS smears showed presence of HPV 16 and, 3 normal and 6 ASCUS smears showed presence of HPV 18 subtype. In SIL groups a marked increase in HPV presence was noted, as 40% (46/114) and 78% (49/63) cases from LSIL and HSIL groups were positive for HPV, respectively. In CIS group 87% (13/15) smears were showing the presence of HPV-DNA. HPV prevalence was notable higher in HSIL group as compared to LSIL (p<0.001) and was similar to CIS group. Among the HPV positive cases, distribution of HPV subtypes was similar in the ASCUS, SIL and CIS groups, with the majority being positive for HPV 16 subtype i.e. 55%, 57% and 77% cases, respectively. A significant association between cervical disease (SIL and CIS) and HPV presence was confirmed by data analysis using χ 2 test where p<0.001 for HPV 16 and p<0.01 for HPV 18 as compared to normal (Table 1) .
Expression of p53 protein in cervical smears
In analyzed normal and ASCUS smears only 3% (4/15) and 9% (16/183) cases were positive for p53 immunoreactivity, respectively. In CIS group, all the samples showed positive expression (100%, 15/15) while 87% (55/63) of HSIL and 27% (31/114) LSIL cases had p53 expression (Table 2) . Significantly increased expression of p53 in CIS and dysplasia groups was observed (for mild expression: p<0.001; moderate to intense expression: p<0.001) as compared to normal and ASCUS groups. Furthermore, CIS and HSIL both were also noted to have higher p53 expression (moderate to high Intensity) in comparison of LSIL cases (Table 2) .
Mean intensity of p53 immunoexpression was 7.69±0.80 (range 0-18%; median 5.0%) in normal, 9.90±0.98 (range 0-38%; median 7.0%) in ASCUS, 13.02±1.37 (range 0-66%; median 15.0%) in LSIL, 
Relation between presence of HPV and p53 immunoexpression
In HPV negative (n=378) smears, 95.2% (n=360) were negative for p53 expression and remaining (n=18) showed mild (3.7%) to moderate (1.1%) expression. Among HPV16 positive smears p53 expression was negative in 23.8% (20/84) cases and positive in 76.2% (64/84). Amongst the HPV18 positive smears p53 immunoreactivity was 65.5%. Similarly, in NI-HPV cases 59% smears were positive for p53 immunoreactivity (Table 3) . Prevalence of moderate to intense expression of p53 was found significantly higher (p<0.001) in HPV positive groups as compared to HPV negative group.
Expression p-gp protein in cervical smears
In cytological normal smears 99% (148/150) cases were negative for p-gp expression. All the CIS cases (15/15) were positive for p-gp expression (Table 2) . Among the dysplasia group, 35% (40/114) of LSIL and 84% (53/63) of HSIL cases were positive for p-gp expression. Only 5.5% cases (10/183) from ASCUS group were showing p-gp expression. Significant increase p-gp expression was found in dysplasia and CIS groups (for mild expression: p<0.001; moderate to intense expression: p<0.001) when compared with normal and ASCUS groups. However, in cervical diseased groups HSIL and CIS cases were showing more positivity for p-gp protein when compared with LSIL group (p<0.05).
Mean intensity of p-gp expression in normal and ASCUS groups was 4.57±1.15 (range 0-12%; median 4.0%) and 7.0±1.85 (range 0-27%; median 8.6%), respectively. In dysplasia groups significant (p<0.001) increase in intensity of p-gp immunoexpression were noted as 12.57±3.50 (range 0-45%; median 10.8%) in LSIL, 26.58±5.36 (range 6-65%; median 22.6%) in HSIL and 30.55±5.69 (range15-80%; median 35%) in CIS group (p<0.001).
Relation between presence of HPV and p-gp immunoexpression
Amongst the HPV negative cases, 96% (362/378) were negative for p-gp expression rest 4% (16/378) was showing positive expression. In the HPV 16 and 18 infected cases 77% (65/84) and 65.5% (19/29) smears were showing positive expression for p-gp, respectively. 20 (59%) cases those infected with other types of HPVs were showing p-gp expression (Table 3) . Among HPV positive groups high intensity (moderate to intense expression) of p-gp expression was noted and was statistically significant (p<0.001) in comparison to HPV negative group.
Correlation between p53 and p-gp proteins expression in cervical smear samples
The data for p53 protein expression were analyzed against the data for p-gp protein expression and all the 525 studied subjects were included for statistical analysis. Out of 404 cases with negative p53 expression 403 were also (Table 4) .
Outcome of patients' follow-up
Enrolled cases with ASCUS and dysplasia were clinically followed up to 3 years at 6 (LSIL and ASCUS) and 3 (HSIL) months intervals, in order to study the behavior of disease. Out of these 23 available cases from ASCUS group, 15 cases had smears that returned to normal cytology, 5 cases remained at ASCUS and 3 showed signs of progression to CIN I stage. Seven cases with no change/progressed samples were positive for presence of HPV and reactivity of p53 and p-gp proteins, however, 1 was positive for p53 and p-gp.
As cases from LSIL group were followed at 6 months of interval up to 30 months of study period, out of 54 available cases, 6 reported to developed CIN II and 23 remained with LSIL in the cytological (CIN I in histopathological) diagnosis. Among progressed/ no change cases, 25 cases were positive for p53, p-gp and HPV in their initial study. In 25 LSIL cases that had returned to normal cytology, 17 cases were negative for p53, p-gp and HPV in first study.
In HSIL group, 20 patients were presented for followup and rests were undergone for prescribed treatments. Twelve patients out of 20 who were diagnosed with HSIL (CIN II) and were positive for p53, p-gp and HPV remained with CIN II after 3 months of followup. Together with these 4 patients were diagnosed with CIS, who were also positive for all studied parameters. Among 4 cases those were negative for studied molecular determinant, 2 patients remained with CIN II and rest 2 showed regression of the disease. Registered CIS cases were not considered for follow-up because all of them were underwent for treatment. In all progressed/no change cases p53 and p-gp expression intensity was ranged from mild to intense grade.
Discussion
Results of the present study revealed that the immunodetection of p53 and p-gp expression in highrisk HPV infected cervical smears may act as sensitive and non-invasive mean to augment the detection as well as severity of cervical lesion. It also demonstrated that determination of expression pattern of both proteins p53 and p-gp will allow unambiguous identification of truly dysplastic cells and also predict the disease progression state.
In our study, majority of HPV infections were detected in CIS cases (13/15), followed by HSIL (49/63), LSIL (46/114) and ASCUS (27/183). HPV-16 was the most frequently detected HPV sub-type, representing 57% (84/147) of all HPVs infections (Table 1) . Among HPV-16 and -18 positive samples, majority of cases corresponded to HSIL group (37%) and LSIL group (35%), respectively (Table 1) . Similarly in NI-HPV types cases (n = 34), most of the cases were from HSIL group (n=10) followed by LSIL (n=13), which suggested that other HPV types are also involved in progression of SILs. According to earlier reports HPV infection is frequently detectable in SIL and CIS cases (Schlecht et al., 2003; Evans et al., 2006) and HPV-16 and 18 are considered as most aggressive HPV subtypes (Singh et al., 2009) . Precursor lesions of the uterine cervix those with oncogenic HPV-16 and 18 infections persist longer and progress more quickly than with non-oncogenic infections or without HPV (Schlecht et al., 2003) .
Several biological markers identified in cervical cancer appear to have their diagnostic or prognostic importance. Among these, accumulation of p53 protein has been described as a prognosticator of poor disease outcomes 
(C) (Bremer et al., 1995; Huang et al., 2001; Bahnassy et al., 2006) . Studies have shown the over-expression of p53 not only in primary and recurrent CIS cases but also in pre-malignant dysplastic lesions (Bremer et al., 1995; Park et al., 1999; Oh et al., 2004; Singh et al., 2009) . In this study, both frequency and intensity of p53 expression was gradually increased along with the severity of lesion and was associated with HPV presence (Tables 2 and 3 ). We noted mild to moderate expression (>10-50%) of p53 in normal (3% cases), ASCUS (5% cases) and LSIL (27% cases) groups. In addition to this over-expression of p53 was noted up to intense grade (>50%) in HSIL and CIS cases (Table 2 ). It appears from the results that presence of lesion as well as grade both could be characterized by expression intensity of p53 (Table 2) . Besides the mutation, inactivation of p53 protein by interaction and complex formation with HPV E6 oncoprotein is suggested as key event of cervical carcinogenesis (Scheffner et al., 1990) . In this study association between p53 over-expression and HPV infection was noted (Table 3) , confirming the inactivation of p53 protein by complex formation with E6 oncoprotein and subsequent stabilization. Altered expression and inactivation of p53 protein in HPV infected cases is well associated with disease progression (Singh et al., 2009; Oh et al., 2004) and reflects the presence of HPV in cervical cells (Scheffner et al., 1990; Nair et al., 2000) , thus, could be a useful parameter for clinical interpretations of HPV presence in low resource hospital settings. Along with these, in some of the HPV negative cases also p53 over-expression was noted in our study (Table 3) ; this might be evoked via pathways other than HPV infection through gene mutation, hypomethylation or hypermethylation, which suggested that some of the observed cervical preneoplastic and neoplastic lesions could be induced in a heterogeneous way. In this study we investigated p-gp expression pattern during cervical oncogenesis to assess its role as a biological marker for disease and progression and/or its implication with outcome of disease. It was noted that both positivity and intensity of p-gp expression was increased with grade of lesion as ASCUS followed by dysplasia and dysplasia by CIS (Table 2) . A significant difference in terms of p-gp positivity status was observed between LSIL to HSIL (p<0.001), indicating that alteration in p-gp expression in dysplastic lesions may account for innate drug resistance and/or may be an early event in cervical carcinogenesis. Differential immunoexpression of p-gp protein in normal, dysplastic and malignant lesions has been reported and was associated with lesions aggressiveness, clinicopathologic prognostic factors and efficacy of therapy (Jain et al., 1997; Hayashida et al., 1997; Ralhan et al., 1997; Konishi et al., 1998) . Additionally, patients with p-gp positive cervical carcinoma tend to show a lower survival rate (Konishi et al., 1998) . The accumulative survival rate in the group positive for p-gp was significantly lower than that in the group negative for p-gp in stage II cervical cancer (Hayashida et al., 1997) .
According to several studies co-overexpression of mutant p53 and p-gp is among a series of molecular events resulting in inhibition of apoptosis, more aggressive phenotype, drug resistance and poor prognosis of disease (Linn et al., 1996; Ralhan et al., 1999) . p53 mutation and its accumulation has been shown to activate the MDR1 promoter (Chin et al., 1992) and correlates with poor response to cisplatin-based chemotherapy (Rusch et al., 1995; Righetti et al., 1996) . In that way, p-gp expression observed in a sub set of cervical lesions (ASCUS and dysplastic) and cancer cases in the present study may be a consequence of HPV induced p53 alteration/mutation in these cases. Since this process is dependent on functional state of p53, mutations affecting this gene function could be resulting in to drug resistance among studied cases. Another most important finding from our follow-up study is the notable increase/no change in both p53 and p-gp expression status in progressed cervical lesions as compared with regressed lesions. Besides these, all progressed lesions were co-positive for p53 and p-gp in their initial study and follow-up as well. Earlier it has been reported that p-gp and p53 positivity is associated with innate drug resistance in several other cancers (Wattel et al., 1994; Riou et al., 1995) and their correlation with clinicopathological parameters (Jain et al., 1997; Ralhan et al., 1997; .
Thus, this study indicates that easily measured cellular factors may be important predictors of outcome in patients both undergoing treatment for malignancies as well as participating in cytological screening.
In conclusion, the magnitude of disease progression seen with co-overexpression of p53 and p-gp indicates that these may ultimately be clinically useful for patients being considered for strict follow-up, timely treatment of cervical cancer and also in making treatment decisions. Alternatively, data may indicate a pattern of drug resistance specific for HPV induced cervical cancer in the Indian population. Our findings merit future investigations to evaluate the exact role of p53 and p-gp in conferring resistance to current treatment modalities in cervical cancer.
